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(54) Heat exchanger 

(57) Heat exchange inefficiencies found in round 
tube plate fin heat exchangers are eliminated in an alu- 
minum heat exchanger that includes first and second 
headers (20), (22) and at least one flattened tube (24), 
(70) extending between the headers (20), (22). A plural- 
ity of generally parallel tube runs are defined and each 
has opposite edges. A plurality of plate fins (26), (50) 



24 



are arranged in a stack and each has a plurality of open 
ended slots (34), one for each run of the tubes (24), (70). 
Each of the tube runs (24), (70) is nested within corre- 
sponding slots (34) and the fins (26), (50) with one of 
the edges (40) of the tube runs extending outwardly of 
the corresponding fin (26). The assembly is brazed to- 
gether. 
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D scription 

FIELD OF THE INVENTION 

[0001 ] This invention relates to heat exchangers, and 
more specifically, to a brazed aluminum plate fin heat 
exchanger. 

BACKGROUND OF THE INVENTION 

[0002] In heat exchangers that have a high aspect ra- 
tio (the ratio of width to height), it is frequently necessary 
to locate the tube runs in a generally horizontal plane to 
minimize cost. Typical of such heat exchangers are 
evaporators and condensers as may be found in the air 
conditioning systems of off-highway vehicles, air condi- 
tioning systems for recreational vehicles, and in truck 
refrigeration systems. Particularly when used as evap- 
orators, conventional serpentine louvered fins coupled 
with horizontal tube placement provides problems with 
water drainage due to the hold up of water between the 
fins. That is to say, it is necessary in evaporator appli- 
cations that provision be made to drain moisture con- 
densing on heat exchanger parts to prevent freeze-up 
which would block air flow and drastically impede effi- 
ciency. 

[0003] As a consequence of these and other consid- 
erations, high aspect ratio evaporators and other heat 
exchangers have historically been produced using 
round tube plate fin technology. The tubes are oriented 
horizontally and the plate fins vertically to allow water to 
drain down the fins, around the tubes and out through 
the bottom of the heat exchanger. However, when com- 
pared to brazed , parallel flow type heat exchangers, per- 
formance of round tube plate fin heat exchangers suf- 
fers in three main areas. 

[0004] For one, the round tubes substantially occlude 
the frontal area of the heat exchanger through which air 
passes. As a consequence, poor air side heat transfer 
results. 

[0005] A second problem is that mechanical bonds 
between the tubes and the plate fins conventionally em- 
ployed in such heat exchangers are incapable of reliably 
providing intimate, good heat exchange contact be- 
tween the tubes and the fins and as a result, poor fin- 
tube bonds frequently reduce heat transfer. 
[0006] A third problem is that the use of round tubes 
r quires relatively large fin heights (fin height being the 
I ngth of the fin between the center lines of two adjacent 
tubes). These large effective fin heights result in poor 
fin efficiency. 

[0007] Still another problem that has sometime oc- 
curred in heat exchangers generally is undesirably low 
air side area. The lack of sufficient area impedes heat 
transfer on the air side as a quick review of Fourier's law 
will readily show. Consequently, it would be desirable to 
incr ase air side surface area without increasing fin 
height to the point where poor fin efficiency results. 



[0008] The present invention is directed to overcom- 
ing one or more of the above problems. 

SUMMARY OF THE INVENTION 

5 

[0009] It is one principal object of the invention to pro- 
vide a new and improved method of making a heat ex- 
changer that eliminates fixturing requirements during a 
brazing process. 

10 [0010] It is another principal object of the invention to 
provide a new and improved heat exchanger employing 
plate fins that are vertically arranged in a heat exchang- 
er having horizontal tube runs, and specifically, such a 
heat exchanger where excellent bonding is provided be- 

15 tween the tubes and the plate fins to avoid poor heat 
transfer at the interface between the tubes and the fins. 
[001 1 ] It is still a third principal object of the invention 
to provide a new and improved heat exchanger employ- 
ing plate fins that maximizes air side area without unde- 

20 sirably increasing fin height so as to improve the effi- 
ciency of heat transfer on the air side of the heat ex- 
changer. 

[0012] An exemplary embodiment of the invention 
that achieves the first principal object mentioned above 
25 includes a method of fabricating a heat exchanger with 
the steps of: 

a) providing a plurality of generally parallel tube 
runs of a flattened heat exchange tube having a ma- 

30 jor dimension and a minor dimension; 

b) providing a plurality of plate fins, each having a 
plurality of tube slots approximately equal to the 
number of tube runs, each slot opening to an edge 
of the associated fin and having i) a shape corre- 

35 sponding to the cross-section shape of a tube run 
to be received in the slot, ii) a depth less than the 
major dimension of the tube run to be received in 
the tube slot, and iii) a width approximately equal to 
or slightly less than the minor dimension of the tube 

40 run to be received in the slot. The method further 
includes the steps of 

c) fitting the tube runs snugly into corresponding 
slots in each of the fins such that an edge of each 
tube run extends a distance beyond the ends of the 

45 slots in which it is received; 

d) locating the assembly resulting from step c) on a 
supporting surface with the tube run edges in con- 
tact with the supporting surface and with the plate 
fins extending above the tube runs; and 

50 e) subjecting the assembly to an elevated temper- 
ature sufficient to braze the fins to the tube runs 
while the assembly is on the supporting surface and 
in the absence of brazing fixtures holding the fins 
on the tube runs in assembled relation. 

55 

[0013] In one embodiment the tube runs are defined 
by straight sections of a serpentine tube while in another 
embodiment of the invention, the tube runs are each de- 
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fin d by straight pieces of tubing. 
[001 4] I n one embodiment of the invention , the cross- 
section of the tube runs is a tear-drop shape while in 
another embodiment, the cross section of the tube runs 
is oval shaped. 

[0015] According to the second principal object iden- 
tified above, there, is provided an aluminum heat ex- 
changer which includes first and second headers and at 
least one flattened tube extending between and in fluid 
communication with the headers and defining a plurality 
of generally parallel tube runs in spaced relation to one 
another. Each of the tube runs has opposite edges de- 
fining a tube major dimension and interconnecting side 
walls defining a tube minor dimension and a plurality of 
interior ports. A plurality of plate fins are arranged in a 
stack and each has a plurality of open ended, tube run 
receiving slots, one for each tube run. Each slot has a 
shape generally that of the cross-section of the tube run 
to b received therein, a width equal or just less than 
the minor dimension of the corresponding tube run and 
a depth somewhat less than the major dimension of the 
corr spondingtube run. Each of the tube runs is nested 
within corresponding slots in the fins with one of the edg- 
es of each tube run located outwardly of the correspond- 
ing fin. The headers, the tube runs and the fins make up 
a brazed assembly. 

[0016] In one embodiment, the plate fins are elongat- 
ed and the slots open to one elongated edge thereof. 
The other elongated edge of the plate fins are uninter- 
rupted by the slots. 

[0017] In one embodiment, a stiffening bead is locat- 
ed between the other elongated edge and the slots. 
[0018] In still another embodiment, the plate fins are 
elongated and the slots open to both elongated edges 
of the fins. 

[0019] In one such embodiment, the slots opening to 
one of the edges are aligned with slots opening to the 
other of the edges. 

[0020] In one embodiment, the tube runs are defined 
by the legs of U-shaped tubes with one of the legs of 
each U-shaped tube being disposed in a slot opening to 
one elongated edge of the. plate fin and the other leg 
being disposed in a slot opening to the other elongated 
edge of the plate fin. 

[0021] In such an embodiment, it is preferred that 
each of the legs of each of the U-shaped tubes includes 
a 90° twist immediately adjacent the bight of the corre- 
sponding U-shaped tube. 

[0022] According to the third of the objects identified 
above, there is provided a heat exchanger core that in- 
cludes a plurality of generally parallel tube runs formed 
of flattened, multi-port tubing and a plurality of plate fins 
in stacked relation having spaced openings sufficient to 
receive the tube runs. The tube runs are disposed in the 
openings and have a major dimension brazed to the 
plate fins about the openings and the parts of the plate 
fins between the openings are arcuate in a direction 
generally transverse to the major dimension to thereby 



4 

increase th surface area of the fins between the open- 
ings without the need to increase the spacing between 
adjacent openings. 

[0023] In one embodiment, the openings in the plate 
5 fins areslots extending to the fins from one edge thereof. 
[0024] Other objects and advantages will become ap- 
parent from the following specification taken in connec- 
tion with the accompanying drawings. 

10 DESCRIPTION OF THE DRAWINGS 

[0025] 

Fig. 1 is a side elevation of one embodiment of a 
15 heat exchanger made according to the invention; 

Fig. 2 is a sectional view of the embodiment of Fig. 
1 taken approximately along the line 2-2 of Fig. 1; 
Fig. 3 is a sectional view of the embodiment of Fig. 
1 taken approximately along the line 3-3 in Fig. 1; 
20 Fig. 4 is a view similar to Fig. 2 but of a modified 
embodiment of the invention ; 
Fig. 5 is a view similar to Fig. 3 but of the embodi- 
ment illustrated in Fig. 4; 

Fig. 6 is a side elevation of still another modified 
25 embodiment of the invention; 

Fig. 7 is a sectional view taken approximately along 
the line 7-7 in Fig. 6; 

Fig. 8 is a sectional view taken approximately along 

the line 8-8 in Fig. 6; 
30 Fig. 9 is a somewhat schematic view of still another 

modified embodiment of the invention; 

Fig. 10 is a fragmentary, sectional view of a highly 

preferred plate fin construction employed in any 

embodiment of the invention; 
35 Fig. 11 is a view similar to Fig. 10 but of an optional, 

and somewhat less preferred, embodiment of the 

plate fin; 

Fig. 12 is a fragmentary, sectional view of the cross- 
section of an embodiment of the invention employ- 

40 ing a tear-drop shaped tube; 

Fig. 13 is a sectional view taken approximately 
along the line 13-13 in Fig. 12; and 
Fig. 14 is a graph showing the relative performance 
of four different types of fins, namely, a conventional 

45 serpentine fin construction, the plate fin of Fig. 10, 
the plate fin of Fig. 11 and a conventional flat plate 
fin construction, all utilizing flattened, multi-port 
tubes. 

so DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0026] Exemplary embodiments of the invention will 
be described in connection with the drawings, frequently 
in the context of heat exchangers having horizontal tube 
55 runs and vertically extending plate fins. However, it is to 
be understood that no restriction to such orientation is 
int nded except insofar as expressed in the claims. Sim- 
ilarly, while it is preferable that the components of the 
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heat exchanger be of aluminum or aluminum alloy, var- 
ious performance enhancing features of the invention, 
such as the use of arcuate plate fins, and/or the use of 
plate fins which are slotted and open to one side of the 
fin may be employed with efficacy in non-aluminum heat 
exchangers: and again, no restriction to aluminum heat 
exchangers is intended except insofar as expressed in 
the appended claims. 

[0027] A first embodiment of a heat exchanger made 
according to the invention is illustrated in Figs. 1-3 and 
is seen to include a pair of vertically extending headers, 
20 T 22 that are parallel and spaced from one another. 
The headers 20, 22 preferably are hollow cylinders 
formed and welded from sheet aluminum or simply ex- 
truded, but could be multiple piece headers formed by 
welding or brazing if desired. 

[0028] Flattened, multi-port tubes 24 formed as 
straight sections of individual pieces of tubing extend 
between and are in fluid communication with the head- 
ers 20. 22. The tubes 24 may be formed by extrusion or 
may be welded tubes provided with inserts. 
[0029] Between the headers 20, 22 and fitted to the 
tubes 24 are a series of aluminum plate fins 26. In a 
typical embodiment, the density of the fins 26 will be 
about twenty fins per inch, although greater or lesser fin 
densities can be employed as desired. 
[0030] Preferably, between each of the tube runs 24, 
the fins 26 contain a conventional pattern of louvers 28 
as best shown in Fig. 3. 

[0031] Fig. 3 also illustrates the tubes 24 as having 
multiple, internal ports 30. Typically, the hydraulic diam- 
eter of each of the ports will be no more than about 
0.070" and even more preferably, will be 0.050" or less. 
However, higher hydraulic diameters can be used if ef- 
ficiency is not of prime concern. The specific flattened 
tubes illustrated in Fig. 3 are in the form of flattened 
ovals having flat external side walls 32, the spacing be- 
tween which is referred to conventionally as the tube mi- 
nor dimension. This is illustrated as "d" in Fig. 3. The 
distance between the curved ends or edges of each of 
the tubes 24 is conventionally referred to as the tube 
major dimension, shown as M D M in Fig. 3. 
[0032] The fins 26 are arranged in a stack as seen in 
Figs. 1 and 2 and each fin in the stack has a series of 
slots 34 that open to one edge 36 of the fin 26. The op- 
posite edge 38 of the fin 26, in the embodiment illustrat- 

d in Figs. 1-3, is uninterrupted. 
[0033] The slots 34 have a depth that is less than the 
tube major dimension, typically by an amount equal to 
about the radius of curvature of the rounded edges 40 
of the tubes 24. The slots 34 otherwise have a shape 
corresponding to the cross-section of each of the tubes 
24 but nominally ever so slightly smaller so as to assure 
that the edges of the slots 34 tightly embrace the side 
walls 32 of the tubes 24. That is to say, the width of the 
slots 34 is preferably ever so slightly less than the tube 
minor dimension "d". 

[0034] When the tubes 24 are formed of aluminum, 



the headers 20, 22 and fins 26 will also be formed of 
aluminum. Preferably, the headers 20,22 and fins have 
an external cladding of braze alloy and the tubes 24 are 
extruded aluminum. Alternatively, the tubes 24 may be 
5 welded and have an external aluminum braze alloy clad- 
ding thereon so as to form tight, brazed joints with the 
headers 20, 22 and a good bond with the fins 26. 
[0035] In assembling the heat exchanger illustrated in 
Fig. 1 , the tubes 24 are inserted into aligned slots (not 
10 shown) in the headers 20 : 22 and the stack of plate fins 
26 applied thereto. Alternatively, the fins 26 may be ap- 
plied to the tubes before application of the headers 
20,22. In any event, because of the relative dimension- 
ing of the tubes 24 and the slots 34 as mentioned pre- 
15 viously, the tube edges 40 will extend past the edges 36 
of the fins 26. As a consequence of this, the core thus 
formed may be placed on a flat surface with the edges 
40 of the tubes 24 in contact therewith for support. The 
same may be placed in a brazing oven (continuous or 
20 otherwise) and the temperature elevated to a brazing 
temperature. Because, in atypical construction, the fins 
26 will be thinner than the walls of the tubes 24, as the 
fins 26 approach the melting temperature of the base 
metal and begin to soften, they will settle into the post- 
25 tion illustrated in Fig. 3 through the action of gravity and 
without the need for any special fixturing to cause this 
result. Brazing will occur and upon cooling, the assem- 
bly will appear as in Fig. 3 with all of the fins 26 in the 
stack aligned with one another. The process not only 
30 avoids misalignment of the fins in the finished product 
which is unsightly, and thus undesirable, it eliminates 
the need for fixtures during the brazing process to hold 
the fins in place relative to the tubes, thereby consider- 
ably simplifying the manufacturing process. 
35 [0036] The embodiment illustrated in Figs. 1 -3, inclu- 
sive: illustrates a single tube row heat exchanger. Figs. 
4 and 5 show an embodiment that provides two tube 
rows in the heat exchanger. In the interest of brevity, 
identical components will not be redescribed and will be 
40 given the same reference numerals. In the embodiment 
illustrated in Figs. 4 and 5, two each of the headers 
20,22 are employed, one for each tube row. Two rows 
of the tubes 24 are employed as well and a stack of plate 
fins 50 are utilized. In the embodiment illustrated in Figs. 
45 4 and 5 : the slots 34 are formed in two rows, one opening 
to one edge 52 of the fin and the other row opening to 
the opposite edge 54 of the fins 50. The slots 34 are 
dimensioned with respect to the tubes 24 in the same 
manner mentioned previously and again are provided 
50 with louvers 28 between adjacent ones of the tubes 24. 
Fabrication is as mentioned previously and by suitable 
plumbing, the rows may be arranged in hydraulic paral- 
lel, in series, or may even be utilized to provide cooling 
for two different fluids if desired. 
55 [0037] In some instanc s, two adjacent headers, such 
as the headers 20, may be replaced with a single larger 
header that receives the tubes 24 of both rows. In such 
a case, one of the headers 22 would b provided with 
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an inlet while the other header 22 would be provided 
with an outlet. 

[0038] Still another embodiment of the invention is il- 
lustrated in Figs. 6-8, inclusive. In this embodiment, two 
tube rows are formed and they are connected in hydrau- 
lic series. Again, like components will not be redescribed 
in the interest of brevity and will be given the same ref- 
erence numerals as those used previously. In the em- 
bodiment of Figs. 6-8, a heat exchanger much like that 
illustrated in Figs. 1-3 is formed using the fins 26 that 
are provided with slots 34 opening to only one edge 36 
of the fins 26. In this embodiment, tubes 56 extend be- 
tween the headers 20, 22. However, the tubes 56 are 
considerably longer than those illustrated in the embod- 
iment ol Figs. 1-3 for a heat exchanger having the same 
frontal area and two stacks of the fins 26 are used. Each 
stack is abutted against a corresponding one of the 
headers 20. 22 leaving a gap, generally designated 58, 
in the conler or the heaL exchanger which is character- 
ized by the absence of the fins. 

[0039] Prior to assembling and brazing, the heat ex- 
changer using the method mentioned previously, the 
center part 60 of each gap 58 is rotated up to and in- 
cluding 90° and relative to that part of each tube 56 and 
merging from each of the two stacks of fins 26 to form 
a bent section 62 closely adjacent to each of the stacks 
of the fins 26 The central section 60 of each gap 58 is 
free of a twist as illustrated in Fig. 7. The components 
are assembled and bra7ed, following which the two 
headers 20. 22 may be brought into contact with one 
another as illustrated in Fig. 7 to form a 180° arcuate 
section 64 between the two twists 62. Thus, the tubes 
56 are U-shaped with legs 66 being straight and extend- 
ing between the twists in a corresponding one of the 
headers 20, 22 and with the bight of the U being defined 
by the central section 60 of the gap 58 and defining the 
arcuate section 64. 

[0040] While the embodiment shown in Figs. 6-8 em- 
ploys only two rows of the tubes, it will be appreciated 
that any desired number of rows of the tubes could be 
provided in the same fashion simply by increasing the 
number of gaps and providing twists 62 and bends 64 
in each of the gaps 58. For example, a three row con- 
struction made according to the embodiment shown in 
Figs. 6-8 would have three stacks of the fins 26 sepa- 
rated by two of the gaps 58. 

[0041] Fig. 9 illustrates still another embodiment of 
the invention. In this case, a single tube 70 is formed in 
serpentine fashion to have a plurality of straight runs, 
there being eight such runs illustrated in Fig. 9. Headers 
20, 22 are located at the ends of the single tube 70 and 
the straight runs 72 fitted with fins such as the fins 26. 
Of course, if a two row heat exchanger according to Fig. 
9 were intended, fins 50 employed in the embodiment 
of Figs. 4 and 5 could be employed along with an addi- 
tional one of the tubes 70. 

[0042] Fig. 1 0 illustrates a highly preferred form of the 
fins 26, 50 utilized in the invention. The fins 26, 50 in 



this embodiment are arcuat as illustrated in Fig. 1 0 and 
include conventional louvers 80 along with spacing legs 
82. The fin slots 34 (not shown) in Fig. 10 are free of 
flanges and abut the side walls 32 of the tubes 24, 56. 

5 At this point, during the brazing process, the edges 84 
will form a good bond with the flat sides 32 of the tubes 
24, 56 when the aforementioned process or a conven- 
tional brazing process is employed. It is of some interest 
to note that the fact that the fins 26, 50 are arcuate, pro- 

10 vides a certain springiness or resilience to cause the 
edges 84 to be urged against the side walls 32. Moreo- 
ver, the absence of flanges on the edges 84 increases 
the air side free flow area to contribute to an improved 
air side heat transfer coefficient. 

15 [0043] Fig. 11 shows a somewhat less preferred em- 
bodiment of a fin 26, 50 that may be used in the inven- 
tion. In this particular embodiment, extremely small 
flanges 88 border the slots 34 in the fins and abut the 
flat sides 32 of the tubes 24, 56. 

20 [0044] Again, with the embodiment of Fig. 1 1 , the fins 
26, 50 are arcuate. The importance of this feature is that 
the arcuate fins increase the air side surface without in- 
creasing fin height, i.e., the same number of the tubes 
24, 56 may be fitted into a given frontal area even while 

25 the air side surface area is increased through the use of 
the curved fins. Consequently, the increase in area im- 
proves heat transfer on the air side while nothing is lost 
on the second fluid side because the same number of 
tubes 24, 56 may be employed. Moreover, the length of 

30 the louvers is also increased, thereby increasing turbu- 
lence and heat transfer. It is to be noted that the air side 
performance of the embodiment of Fig. 10 is slightly 
greater than that of the embodiment of Fig. 11 and con- 
siderably better than that of tubes having conventionally 

35 sized flanges for the reason that such flanges reduce 
the available air side free flow area through the heat ex- 
changer. 

[0045] Fig. 12 shows another sort of flattened tube 
that may be employed in the invention. Specifically, the 

40 tube is a tear-drop shaped tube 90 having multiple ports 
92. Again, the slots 94 in the fins 26, 50 are such as to 
snugly receive the tube 90, i.e., the slots 94 as they have 
a depth somewhat less than the major dimension of the 
tube 90 and area shaped like the cross-section of the 

45 tube 90. In this embodiment, the width of the slot 94 can 
be made the same or again, just slightly smaller, than 
the minor dimension of the tube 90. 
[0046] If desired, in the embodiment illustrated in Fig . 
1 2, or in the other embodiments, one or more elongated 

so stiffening ribs 100 extending the length of each of the 
fins 26, 50 can be employed. The stiffening rib is illus- 
trated in both Figs. 12 and 1 3. In the case of the embod- 
iment of Figs. 4 and 5, the stiffening rib would be located 
in the center of the fin, between the two rows of slots. 

55 in addition to the stiffening function, the ribs 100 en- 
hance condensate drainage when the heat exchanger 
is used as an evaporator. 

[0047] Though not shown in the drawings, in multiple 
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tube row mbodiments such as shown in Figs. 4-8, the 
tubes in one row may be staggered with respect to the 
tubes in one or more other rows. Moreover, in some cas- 
es it may be desirable to have the tube major dimen- 
sions canted at some angle other than 90° with respect 
to the longitudinal axis of the fins. 
[0048] Turning now to Fig. 14, the same illustrates test 
results for various fin constructions, including the fin 
constructions illustrated in Figs. 10 and 11 . Standard air 
face velocity is plotted against a) heat flux for entering 
temperature difference in btu's per square foot per de- 
gree Fahrenheit and b) against air side pressure drop 
in inches of water. It will be appreciated that the curved 
fins of the invention compare favorably with convention- 
al serpentine fins illustrating that the bonding problems 
incurred in plate fin heat exchangers are solved by the 
invention. It will be particularly noted that in the case of 
conventional, flat plate fin, heat exchange performance 
for fins made according to the invention possess a sig- 
nificant advantage. It will also be observed that the fin 
of Fig. 10 shows an advantage over the fin of Fig. 11 
both in terms of heat transfer and in terms of providing 
a lesser air side pressure drop. 

[0049] The invention provides a heat exchanger that 
eliminates round tubes which provide a high drag, i.e., 
incr ase air side pressure drop and eliminates mechan- 
ical bonds typically found in such heat exchangers. Fur- 
thermore, the invention allows the use of relatively small 
fin heights to avoid a loss of efficiency that occurs with 
large fin heights. While the heat exchanger of the inven- 
tion is suited for many different applications, it is partic- 
ularly used with advantage as an evaporator in that the 
use of vertical plate fins with stiffening ribs and gaps be- 
tween the tubes provide for excellent drainage of con- 
densation that conventionally occurs in evaporators 
used in refrigeration or air conditioning systems. 
[0050] Manufacturing is simplified in that the fins 26 
on the one hand and 50 on the other may be made with 
the same die simply by repeating the stamping opera- 
tion on both sides of a widerfin. Furthermore, the unique 
advantage provided by allowing the rounded edges 40 
of the tubes to extend slightly past the edges 36, 52, 54 
of the fins permits brazing of the components without 
the use of brazing fixtures designed to locate the fins in 
a common plane. 

[0051] The use of curved fins increases the air side 
surface area without necessitating an increase in fin 
height and provides an additional advantage of inherent 
resilience causing the edges of the slots in the fins to 
tightly embrace the side walls 32 of the tubes to further 
assure a good bond during brazing. 



Claims 

1 . A method of fabricating a heat exchang r compris- 
ing: 



a) providing a plurality of generally parallel tube 
runs of a flattened heat exchange tube having 
a major dimension and a minor dimension; 

b) providing a plurality of plate fins, each having 
s a plurality of tube slots approximately equal to 

the number of tube runs, each slot opening to 
an edge of the associated fin and having 

i) a shape corresponding to the cross-sec- 
10 tioned shape a tube run to be received in 

the slot, 

ii) a depth less than the major dimension of 
the tube run to be received in the slot, and 

iii) a width approximately equal to or slightly 
is less than the minor dimension of the tube 

run to be received in the slot; 

c) fitting the tube runs snugly into correspond- 
ing slots in each of the fins such that an edge 

20 of each tube run extends a distance out of the 

slots in which it is received; 

d) locating the assembly resulting from step c) 
on a supporting surface with said tube run edg- 
es in contact with said supporting surface and 

25 with said plate fins extending above said tube 

runs; and 

e) subjecting said assembly to an elevated tem- 
perature sufficient to braze said fin to said tube 
runs while said assembly is on said supporting 

30 surface and in the absence of brazing fixtures 

holding said fins and said tube runs in assem- 
bled relation. 

2. The method of claim 1 wherein said tube runs are 
35 defined by straight sections of a serpentine tube. 

3. The method of claim 1 wherein said tube runs are 
each defined by a straight piece of tubing. 

40 4. The method of claim 1 wherein the cross-section of 
said tube runs is tear- drop shaped. 

5. The method of claim 1 wherein the cross-section of 
said tube runs is oval-shaped. 

45 

6. The method of claim 1 wherein said fins are curved 
at locations between said slots. 

7. The method of claim 1 wherein said fins and said 
50 tube runs are formed of aluminum and/or alloys 

thereof. 

8. A method of fabricating an aluminum and/or alumi- 
num alloy heat exchanger comprising the steps of: 

55 

a) assembling a plurality of plate fins having 
op n nd d slots to a plurality of tube runs hav- 
ing the same cross-section shape as the slots 
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such that an edge of each tub run extends a 
short distance out of the slots in which it is re- 
ceived; 

b) locating the assemblage resulting from step 
a) on a supporting surface with said tube run 
edges contacting said supporting surface and 
said fins above and out of contact with said sup- 
porting surface; 

c) locating an aluminum braze alloy at the in- 
terfaces of said tube runs and said fins; and 

d) subjecting the assembly resulting from the 
preceding steps to aluminum brazing tempera- 
tures in the absence of brazing fixtures holding 
said tube runs and said fins in assembled rela- 
tion for a time sufficient to allow said fins to set- 
tle under gravitational forces onto said tube 
runs. 

9. The method of claim 8 wherein step c) is performed 
by cladding one or both of said fins and said tube 
runs with said aluminum braze alloy prior to the per- 
formance of step a). 

10. The method of claim 8 wherein said tube runs are 
of flattened tubing having a major dimension and a 
minor dimension and said slots have a depth some- 
what less than said major dimension. 

11. The method of claim 8 including the step of provid- 
ing the fins with curved sections between said slots. 

12. A method of fabrication of a heat exchanger com- 
prising the steps of: 

a) assembling a plurality of plate fins having 
open ended slots to a plurality of tube runs hav- 
ing the same cross-section shape as the slots 
such that an edge of each tube run extends a 
short distance out of the slots in which it is re- 
ceived; 

b) locating the assemblage resulting from step 
a) on a supporting surface with said tube run 
edges contacting said supporting surface and 
said fins above and out of contact with said sup- 
porting surface; and 

c) subjecting the assembly resulting from the 
preceding steps to brazing temperature in the 
absence of brazing fixtures holding said tube 
runs and said fins in assembled relation for a 
time sufficient to allow said fins to settle under 
gravitational forces onto said tube runs. 

13. An aluminum heat exchanger, comprising: 

first and s cond headers; 
at least one flattened tube extending between 
and in fluid communication with said headers 
and defining a plurality of generally parallel 



tube runs in spaced relation to one another; 
each said tube runs having opposite edges de- 
fining a tube major dimension and interconnect- 
ing side walls defining a tube minor dimension 

5 and a plurality of interior ports; 

a plurality of plate fins arranged in a stack and 
each having a plurality of open ended tube run 
receiving slots, one for each tube run, each slot 
having a shape generally that of the cross-sec- 

10 tion of the tube run to be received therein, a 

width equal to or just less than the minor dimen- 
sion of the corresponding tube run and a depth 
somewhat less than the major dimension of the 
corresponding tube run; 

15 each said tube run being nested within corre- 

sponding slots in said fins with one of said edg- 
es of each tube run located outwardly of the cor- 
responding fin; and 

said headers, said tube runs and said fins com- 
20 prising a brazed assembly. 

14. The heat exchanger of claim 13 wherein said tube 
runs are defined by individual tubes. 

25 15. The heat exchanger of claim 13 wherein said tube 
runs are defined by at least one serpentine tube. 

16. The heat exchanger of claim 13 wherein said slots 
are at least partially bounded by flanges brazed to 

30 said tube runs. 

17. The heat exchanger of claim 13 wherein said slots 
have flange free edges brazed to said tube runs. 

35 18. The heat exchanger of claim 13 wherein said fins 
are curved at locations between said slots. 

19. The heat exchanger of claim 13 wherein said plate 
fins are elongated and said slots open to one elon- 

40 gated edge thereof, the other elongated edge being 
uninterrupted by said slots. 

20. The heat exchanger of claim 1 9 including a stiffen- 
ing bead between said other elongated edge and 

45 said slots. 

21 . The heat exchanger of claim 1 8 wherein said plate 
fins are elongated and said slots open to both elon- 
gated edges thereof. 

50 

22. The heat exchanger of claim 21 wherein the slots 
opening to one of said elongated edges are aligned 
with the slots opening to the other of said elongated 
edges. 

55 

23. The heat exchanger of claim 21 including an elon- 
gated uninterrupted band ext nding in the direction 
of elongation of said plate fins located between the 
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slots opening to said one elongated edge and the 
slots opening to said other elongated edge. 

24. The heat exchanger of claim 21 wherein said tube 
runs are defined by the legs of U-shaped tubes, one 
of said legs of each U-shaped tube being disposed 
in a slot opening to one elongated edge of said plate 
fin and the other leg being disposed in a slot open- 
ing to the other elongated edge. 

25. The heat exchanger of claim 24 wherein the slots 
opening to opposite ones of said elongated edges 
are aligned and the legs of each said U-shaped tube 
are located in aligned ones of said slots. 
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26. The heat exchanger of claim 25 wherein each of 
said legs of each of said U-shaped tubes includes 
an angled twist of an angle up to and including 
90° immediately adjacent the bight of the corre- 
sponding U-shaped tube. 20 

27. The heat exchanger of claim 13 wherein said par- 
allel tube runs are defined by a plurality of U-shaped 
tubes, each having two parallel legs connected by 

a bight and there are two sets of said plate fins, one 25 
set disposed on corresponding first ones of the legs 
and the other set disposed on corresponding others 
of the legs. 

28. The heat exchanger of claim 27 wherein each of 30 
said legs of each of said U-shaped tubes includes 

a 90° twist immediately adjacent the bight of the cor- 
responding U-shaped tube. 

29. A heat exchanger core comprising: 35 

a plurality of generally parallel tube runs formed 
of flattened, multi-port tubing; and 
a plurality of plate fins in a stacked relation and 
having spaced openings sufficient to receive 40 
said tube runs; 

said tube runs being disposed in said openings 
and having a major dimension brazed to the 
plate fins about said openings; 
the parts of said plate fins between the open- 45 
ings being arcuate in a direction generally 
transverse to said major dimension to thereby 
increase the surface area of the fins between 
the openings without the need to increase the 
spacing between adjacent openings. so 

30. The heat exchanger of claim 29 wherein said open- 
ings are slots extending into the fins from one edge 
thereof. 

55 
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